INTRODUCTION
Obstructive sleep apnea (OSA) is a syndrome characterized by recurrent events of partial or total obstruction of the upper airway during sleep, leading to intermittent hypoxemia, which has obesity as the pillar of its physiopathology.
1,2 Studies suggest that androgens influence sleep architecture, favoring the development of OSA.
3-5
In general, symptoms of OSA include fatigue, tiredness, maintenance insomnia, with polysomnography findings showing an increase in the apnea-hypopnea index (AHI), hypoxia and some impact on sleep architecture 6,7 Sleep complaints in women vary according to hormonal fluctuations dictated by their menstrual cycles.
Although women have proportionally less severe OSA and it is considered to predominantly affect the male population, a recent study found the disease in 26.1% of women 8 . The problem is likely to be more common, as women with sleep-disordered breathing are 2 to 3 times less likely to report classic symptoms of the disease (snoring, gasping, snorting and sleep apnea), which may lead to reduced clinical recognition of OSA in women compared to men. 9 Women suffering from PCOS tend to have higher levels of respiratory sleep events. It has been suggested that this may be linked to the increased androgen levels often associated with the syndrome.
2 Sleep itself acts as an important modulator of several aspects of endocrine function, making the relationship between these factors difficult to elucidate.
4,10,11
Polycystic ovary syndrome (PCOS) is the most common endocrine disease, affecting approximately 8% of women in the reproductive stage.
12, 13 It is well known that OSA prevalence is increased in women with PCOS compared with women without the disease.
13- 15 There also are a broad range of hormonal and metabolic abnormalities in PCOS, and it has been suggested that the hormonal profile of those with the condition is associated with OSA. 16 Previous studies have shown higher levels of testosterone in PCOS patients to be related to OSA.
12,17 However, neither the outcomes of OSA nor the relationship of the symptoms with sleep architecture have been fully explored in this population. It has been hypothesized that obesity and hormonal factors, caused by the disease, act synergistically to impair quality of sleep. Therefore, our hypothesis is that females with PCOS are at increased risk of OSA and other sleep disorders. Our aim is to clarify this, and examine whether hyperandrogenism has any effect on sleep parameters by evaluating PCOS subjects (with and without hyperandrogenism) using polysomnography and sleep questionnaires and compare these patients with a healthy control group.
METHODS

Population
A total of 55 subjects were selected to participate in the study. The volunteers, ranging in age from 16 to 45 years, were recruited from the Endocrinology Division of the Federal University of São Paulo, Brazil. The diagnosis of PCOS was based on the latest 2003 Rotterdam consensus, 18 requiring the presence of at least two of the following features: (1) oligomenorrhea or chronic anovulation, (2) clinical and/or biochemical hyperandrogenism, and (3) ultrasound appearance of polycystic ovaries. These women were distributed into two groups: SOP with hyperandrogenism and SOP without hyperandrogenism.
The control group was comprised of 17 women. Inclusion criteria: a regular menstrual cycle of 28-30 days, normal BMI and in the follicular phase of the menstrual cycle. Exclusion criteria: neurologic conditions and/or being under psychiatric treatment; use of medication for chronic diseases that might interfere with the study results; participation in another clinical study or having participated in a clinical study within a period of 3 months; being a carrier of a disease; having a history of stroke; use of hypnotic, psychotropic, psychostimulant, and/or analgesic drugs; use of hormonal contraceptives; and presence of dysmenorrhea or endometriosis that may interfere with sleep patterns.
All procedures performed in the studies involving human participants followed the ethical standards of the institutional and/or national research committee and the 1964 Helsinki declaration and its later amendments or comparable ethical standards. The study was approved by the Ethics Committee for Research of the Federal University of Sao Paulo (#0588/2010), and informed written consent was obtained from all subjects.
Subjects with other known causes of hyperandrogenism (such as congenital adrenal hyperplasia, androgen-secreting tumors and Cushing's syndrome), using oral contraceptives, corticosteroids, antidiabetic or lipid-lowering drugs in the previous 3 months, having a history of liver disease (such as viral hepatitis B and C, hemochromatosis and autoimmune hepatitis), diabetes mellitus, untreated hypothyroidism, renal, hepatic, cardiac or pulmonary disease, receiving treatment for sleep apnea using medications that alter liver enzymes, with a daily ingestion of more than 20 grams of ethanol, using drugs (sympathomimetics, sympatholytics, and β-blockers), with depression or with chronic diseases were excluded. 16 
Clinical, Anthropometric and Sonographic Measurement
Questionnaires were used to document clinical history, including regularity and length of menstrual cycles, and ovulation status. Signs of androgen excess (hirsutism, alo-pecia, acne) were noted in the physical examination. Hirsutism with a Ferriman-Gallwey score of 8 or above was considered clinical evidence of androgen excess. Weight (in kilograms) and height (in meters) were measured. The body mass index (BMI) was calculated from the ratio of the weight to height squared.
All subjects underwent an ultrasound examination of the pelvis by the same radiologist. LOGIQ P5 (GE Healthcare ® , Wauwatosa, WI) with an 8 MHz transvaginal transducer was used for the ultrasound of the pelvis.
Evaluation of Sleep and Polysomnography
Full-night polysomnography (PSG) was performed, using a digital system (EMBLA ® S700 ® , Embla Systems Inc, Broomfield, CO) at the sleep laboratory for one night. Trained technicians visually scored all of the PSG data according to standardized criteria for investigating sleep.
19
Electroencephalogram arousals and sleep-related respiratory events were scored following the criteria outlined in the American Academy of Sleep Medicine Manual for Scoring Sleep and Associated Events. 20 OSA classification was defined according to the AHI. 21 Participants were diagnosed with OSA if they presented an AHI≥5 and sleep complaints. Participants with an AHI≥15 were diagnosed with OSA, regardless of whether they had any additional complaint.
For subjective evaluation of sleep, we used the Pittsburgh Sleep Quality Index (PSQI), which is an instrument for evaluating the subjective quality of sleep, as well as the number of sleep disturbances occurring during a period of 1 month.
22, 23 The Berlin questionnaire, previously validated in a Brazilian Portuguese version, was used to assess the risk for sleep apnea. 24, 25 Using this questionnaire's total score, it is possible to differentiate "good sleepers" (score≤5) and "poor sleepers" (score>5). Also, daytime somnolence was evaluated subjectively using the Epworth sleepiness scale (ESS), 26 with a score ≥10 considered excessive daytime sleepiness.
Laboratory Analysis
Total testosterone levels were measured using a UniCel Dxl 800 Immunoassay System (Beckman Coulter ® , Brea, CA). The within-assay coefficient of variation for testosterone was 1.99%, and the between-assay coefficient was 4.22%. There are some limitations to measuring testosterone using a chemiluminescence immunoassay, but this was the only laboratory technique available. Serum-free testosterone and bioavailable testosterone were estimated using a previously validated formula. 27 All biochemical assays were performed at the Sleep Institute laboratory.
Statistical analysis
The variables were evaluated regarding normality (Shapiro-Wilk's test) and homogeneity (Levene's test). When the distribution was demonstrated to be nonparametric, the data were standardized through Z-score. Statistical analysis of the sample was carried out using the General Linear Model through one-way analysis of variance for continuous variables, and Pearson's chi-squared test was performed to determine the association between categorical variables. To evaluate the relationship between age and BMI with the sleep-related factors, Pearson's correlation test was performed. BMI and age were used as adjustment factors in evaluating the effect of PCOS and hyperandrogenism on sleep, respectively. The results were submitted to adjustment only when the groups had significant statistical differences in age or BMI. The significance level was set to P<0.05. Data are presented as mean±standard error of the mean or as frequency (percentage).
RESULTS
From a total of 55 women initially included in the study, 11 individuals were excluded because of missing data (8 related to the PSQI and 3 to BMI). Our final sample of 44 women comprised 14 healthy women and 30 women with PCOS, of whom 14 had a diagnosis of hyperandrogenism ( Figure 1) .
The descriptive data of the sample analyzed in the study were distributed as healthy women (control group) and women with PCOS. We observed a higher BMI in Sleepiness Scale between women with PCOS and the control group. Results presented in Table 1 indicated that age was not statistically different between the groups since the inclusion criteria of the study were strictly followed. We also evaluated the possible effect of hyperandrogenism on the objective and subjective aspects of sleep in women with PCOS. A description of the sample indicated that women with hyperandrogenism were younger than the PCOS subjects without hyperandrogenism, 32.2±1.3 for women without hyperandrogenism and 25.6±1.4 3 for women with hyperandrogenism (F1,28=15,674; P<0.001). There were no observed differences in the following variables: BMI, the frequency of women with high-risk of apnea according to the Berlin Questionnaire, poor sleepers, sleepiness, snoring and those diagnosed with OSA. No differences were seen in the scores for the ESS and the PSQI questionnaires, and there were no differences in the polysomnographic parameters of women with hyperandrogenism in comparison with those without hyperandrogenism when adjusted for age.
The effect of age as a confounding factor was a significant covariate for the following factors: N3 sleep stage (P=0.039) and REM sleep stage (P=0.026). Sleep-related factors were correlated with age and BMI through Pearson's correlation test considering all participants. The REM sleep stage was the only significant parameter in the correlation between age and sleep-related factors (r=0.329, P=0.029). On the other hand, the correlation between BMI and sleep-related 
DISCUSSION
The findings of this study revealed that the PCOS group presented poorer sleep quality and reduced REM sleep time when compared to the control group. Also, there was a higher risk of apnea according to the Berlin Questionnaire, poorer sleep quality measured by the PSQI and a higher frequency of snorers in PCOS subjects compared to controls. In women with PCOS, no effect of hyperandrogenism was observed on sleep pattern, neither subjectively or objectively Obesity is common among women with PCOS, but it is not part of the diagnostic criteria. This association has been previously demonstrated. 28 Moreover, the increased anthropometric measures arising from obesity also impact the following factors: increased obstruction of the upper airway events, hypoxia, sleep fragmentation, fatigue and perception of non-refreshing sleep.
7 Thus, the PSG data were adjusted for BMI in the analysis of the PCOS effect. The effect of PCOS on sleep architecture is controversial in the literature, 29,30 however several studies point to an increased risk of obstructive sleep apnea, decreased REM sleep and sleep efficiency.
12,31-33
These studies demonstrated that PCOS promotes a decrease in REM sleep, which is not seen in an obese control group without PCOS. The cause of decreased REM sleep in women with PCOS is still unknown. Our main hypothesis is that obesity and PCOS are strongly associated, resulting in a variety of consequences for the body, specifically neurophysiological impacts. It is possible that adjusting for BMI is not enough to account for all the repercussions promoted by the synergistic action of both factors. The sleep quality, snoring and diagnosis of OSA are factors clinically important due to the increased weight observed in women with PCOS.
In obese women with PCOS the incidence of OSA is increased at 41-58% 13 with the finding that their BMI does not correlate with their OSA severity.
2,34
In adolescent girls (15 years) with PCOS (n=31) compared with healthy obese girls without PCOS (n=19) neither group had significant OSA although total sleep time, percentage of REM sleep and sleep efficiency was lower in girls with PCOS. 33 Symptoms of PCOS usually begin in adolescence and perhaps OSA develops in a sub-group of females over time along with worsening insulin resistance. Thus, age might have been a protective factor for OSA in the group of women with PCOS and hyperandrogenism in the current study. A relationship between OSA severity with waist-to-hip ratio and elevated serum testosterone may over time contribute to the higher prevalence of OSA in women with PCOS.
The chronic reduction of REM sleep can lead to memory loss, failure to consolidate cognitive processes and metabolic disorders. Thus, untreated PCOS can have long term effects and cause other health problems, in addition to infertility. The findings show that the consequences of the disease were associated with damage to subjective sleep quality. Regarding objective aspects of sleep, the lower percentage of REM sleep in women with PCOS sleep could explain the perception of poor quality sleep in this group. Suppression of REM sleep can jeopardize women's health by damaging long term memory, increasing pain sensitivity and weight gain.
35-37
The reduction of REM sleep observed in women with PCOS (Table 2) does not seem to be related to PCOS, but due to increased BMI, snoring, high-risk group classification in the Berlin Questionnaire and frequency of women diagnosed with OSA. The current knowledge of the pathophysiology of PCOS has no evidence of the influence of the disease on sleep architecture.
38,39
The negative correlation between sleep efficiency, N3 sleep stage and BMI demonstrated that increased body weight affects the distribution of sleep stages and hinders the deepening of sleep. Simultaneously, increased BMI showed a positive correlation with N1 stage sleep, wakefulness after sleep onset, arousals and apnea-hypopnea index. These results demonstrate a poor quality, fragmented superficial sleep. As a result, oxygen saturation levels were decreased significantly.
The statistical analysis of the sleep questionnaire shows that the PCOS group are at increased risk for presence of obstructive sleep apnea syndrome. Also, the self-perception of snoring during sleep can be a complementary signal in the clinical assessment of sleep. The frequency of women considered poor sleepers was significantly higher in the PCOS group. The increase in the prevalence of obstructive sleep apnea in PCOS subjects was associated with changes in sex hormones (increased androgens and/or decreased estrogens) and increased visceral adiposity.
13
Considering only the women with PCOS, this study indicates that there were no differences regarding the risk for OSA in the analysis of the effect of hyperandrogenism. The results show that the group with hyperandrogenism was younger than those in the group without hyperandrogenism. The adjustments for obesity and age were essential to exclude the influence of potential confounding factors. Also, the subjective and objective parameters of sleep did not differ between groups. This finding reveals that higher testosterone levels do not impair women's sleep quality. The initial hypothesis that testosterone could be responsible for snoring, sleep fragmentation, and respiratory disorder is not supported by our findings. 40 Other studies support the fact that women's sleep quality is not associated with increased testosterone, but that female hormones actually have a protective effect.
41 Progesterone increases respiratory drive and the action of the dilator muscles of the upper airway; 42, 43 corroborating the suggestion that hormone therapy in postmenopausal women can act as a protective factor against to the obstructive sleep apnea syndrome.
Exogenous administration of testosterone has been shown to induce sleep apnea events in women.
44
The adverse effects of testosterone therapy on sleep cause a shortened sleep, worsened sleep apnea, and increased hypoxemia. 4 Testosterone increases baseline ventilation during wakefulness, altering the apneic threshold and increasing ventilator sensitivity to CO2 during sleep in healthy women.
3,5, 45 However, a randomized, double-blind, placebo-controlled study demonstrated that impaired sleep quality as a consequence of sleep-disordered breathing was fleeting in the first weeks of daily administration of testosterone and that testosterone does not have a long-term effect.
46,47 A large epidemiological study, The Seattle Midlife Women's Health Study, found no significant association between disruption in sleep and testosterone, merely observing a negative trend. 48 Therefore all women with PCOS should undergo a sleep evaluation as there does seem to be a link between PCOS and sleep problems.
49
In addition to hyperandrogenism and ovulatory dysfunction, PCOS may cause other common characteristics, such as abnormal gonadotrophin secretion, insulin resistance, and dyslipidemia. Insulin resistance and hyperinsulinemia are relevant pathophysiological consequences of the disease, affecting up to 75% of women with the syndrome. 50 Regarding the treatment of PCOS, the first choice is to adopt healthy lifestyle habits, such as dietary reeducation and physical exercise. As a result, weight loss potentially favors the fall of circulating androgens, improving lipid profile, reducing peripheral insulin resistance and regularization of ovulatory function. The prescription of low-dose oral hormonal contraceptives promotes control of menstrual irregularity and reduced risk of endometrial cancer.
51
Some limitations of the study need to be considered. Biochemical analysis of testosterone was performed only in the sample PCOS women but not in the control group (healthy) because of the absence of clinical criteria for the disease. The analysis of both groups could provide a comparative assessment of the hormone levels in PCOS and hyperandrogenism. Despite these limitations, this study reveals that REM sleep time was reduced in women with PCOS.
CONCLUSIONS
Our results indicate that PCOS impairs subjective and objective sleep quality, due to reduced REM sleep time. Hyperandrogenism, characterized by higher free testosterone levels, did not have any effect on sleep-related parameters. Therefore, the findings confirm the hypothesis that women's sleep is mainly affected by obesity.
